Whither Vestibular Tests?
Otologists of the nineteenth century were familiar with the fact that douching the ear with cold water gives rise to vertigo. It was not until 1906, however, that Barany provided a rational explanation of the phenomenon by proving conclusively that with the head placed in such a position as to bring the lateral semicircular canals into the vertical plane, irrigation with hot or cold water resulted in convection currents within the endolymph of the canals, which in turn provoked mechanical deflection of the cupula. The result of these cupular deflections is a sensation of turning accompanied by an induced nystagmic response consisting of rhythmic fast and slow movements of the eyes, fast movements being directed towards the irrigated ear in the case of the hot stimulus and away from it in the case of the cold. Clinicians quickly seized upon the practical diagnostic value of these observations, realizing that they provided, for the first time, a basis for a simple and direct method of examining the function of each labyrinth in isolation from its neighbour. Of all the various methods subsequently advocated, the caloric test of Fitzgerald & Hallpike (1942) has stood the test of time and has been universally adopted throughout the world.
During the course of the test the subject lies supine upon a couch with the head inclined upwards some 300 to bring the lateral canals into the vertical plane. In this position the ears are irrigated in turn for periods of 40 seconds with water at 7°C above and below body temperature, i.e. 44°C and 30°C. Direct observations of the eyes are made under conditions of good illumination and the end point of the nystagmic reaction is noted. An important point in the procedure is that the subject is required to direct his gaze upon a fixation point immediately above his head. Although this has the effect of suppressing the nystagmic reaction it makes the end point easier to determine. The duration of each response is graphically recorded upon a caloric diagram. Normally all four durations are of approximately the same value. Derangement by disease, however, gives rise to two characteristic patterns of response which may appear separately or in combination. The first of these, named canal paresis by Fitzgerald & Hallpike, is characterized by a reduced response to both hot and cold stimuli applied to one ear and is a manifestation of a depression of the function of one labyrinth. The second, directional preponderance, makes its appearance as a preponderance of the responses to stimuli, giving rise to nystagmic responses in one direction or the other. It is a sign of an imbalance between the two labyrinths; not infrequently it is accompanied by a spontaneous nystagmus attributable to a dystonia between the two vestibular inputs.
Results of caloric tests carried out in this way are now well documented in a wide range of pathological processes affecting the vestibular system. Generally their localizing value is high but in any event their value in revealing an organic basis to symptoms of vestibular derangement remains unchallenged.
In recent years, however, with the introduction of electronystagmography, a variety of modifications of the caloric test have been proposed, which in effect represent a radical departure from the basic principles elaborated by Fitzgerald & Hallpike, both in respect of the administration of the test and the interpretation of the results.
Electronystagmographic recording relies on the fact that a potential difference exists between the cornea and the retina. In response to conjugate movements of the eyes, electrodes placed on the skin close to the outer canthi will pick up a changing potential which varies linearly with angular deviation of the eyes. These potentials can readily be amplified and transferred to a pen recorder. If d.c. amplification is used then the resultant tracing provides not only a record of any nystagmus which may be present but also of tonic deviation of the eyes. Electronystagmography has, of course, one very considerable advantage over direct observation of the eyes in that it provides a permanent record of the response. In consequence, in a busy clinic, many clinicians find it convenient to entrust the time-consuming caloric tests to technical assistants, confident in the knowledge that they can examine the recordings later at their leisure. A further useful advantage is that recordings can be carried out either with eyes closed or in darkness with the eyes open. The removal of optic fixation in this way normally enhances the nystagmic response considerably and, one would presume, the sensitivity of the test. In consequence, there is now an increasing tendency to rely on electronystagmographic recording rather than on direct observation. However, in this context, the advantages claimed for electronystagmography are, in fact, more apparent than real and there are at present great dangers that we may be losing much more than we have gained.
Consider first the removal of optic fixation by eye closure or darkness. Since the latter requires the darkness to be complete it is difficult to attain in practice and, needless to say, even more difficult to carry out a caloric test under these conditions. In consequence, most clinicians opt for the easier course of asking the patient to close his eyes. Unfortunately, as Tjernstrom (1973) has shown, the effects of eye closure can be extraordinarily labile. In certain subjects Bell's phenomenon (elevation of the eyes behind closed lids) may intervene and result in an inhibition of the nystagmic response; in addition sleep mechanisms, brought into play by way of the reticular formation, make the overall response susceptible to arousal so that it becomes necessary to alert the patient by asking him to carry out a mental arithmetic task during the course of the test. As a result, the ultimate nystagmic response could well be as much a measure of the patient's state of arousal from moment to moment as it is of any underlying pathology.
When we consider caloric tests carried out in darkness, the situation is not much better. Derangements of caloric response can normally be attributed to derangement of the neural response from each labyrinth. However, the time course of the cupular deflections will remain unimpaired, so that by increasing the sensitivity, all four responses, regardless of any labyrinthine imbalance, will tend towards the same duration. In practice this has been amply demonstrated by Dix & Hood (1973) and by Henriksson (1956) . In terms of duration, therefore, any abnormality apparent with the conventional caloric test will tend to disappear in darkness.
It can be argued that whereas the duration of the response provides the diagnostic information we seek when we use optic fixation, it is the overall magnitude of the responses that becomes important when we record in darkness. There is, in fact, some justification for this argument. A multitude of electrophysiological studies have shown that the angular velocity with which the eyes execute the slow phase of the nystagmic reaction provides the best expression of the neural response. Although it is a somewhat tedious exercise, this information can easily be extracted by hand from the recording, but those centres fortunate in having computing facilities will, to a good approximation, be able to obtain it on-line. However, this in turn calls for very careful calibration. In other words we need to know that an angular deviation of the eyes of say 300 induces a constant and particular pen deflection. Unfortunately the corneoretinal potential is heavily dependent upon the light intensity reaching the eye and in darkness may, over a period of ten minutes or more, fall to less than 75 % of its value in the light, and undetected would introduce an appreciable error in the velocity determination.
The logical solution, but one which only the most persevering would contemplate, is to darkadapt the patient for a period of ten minutes or so until the corneoretinal potential attains a stable level and thereafter to conduct all the caloric tests in total darkness; obviously a difficult and timeconsuming procedure in a busy clinic! Henriksson (1956) made direct comparison of the maximum slow component velocity and the duration of the responses to the four caloric irrigations in 25 normal subjects. He found that whereas the durations were relatively stable, the slow component velocities in any one subject showed appreciable variations. At the National Hospital for Nervous Diseases, Queen Square, similar studies on 10 normal subjects revealed that whereas all were within normal limits in respect of duration, only 2 appeared to be normal in respect of slow component velocity. It may be that this is due in part to calibration difficulties, but it is equally likely that the test/retest variability of the slow component velocity measures is unacceptably high.
To the unwary, problems of this kind would appear to present enough difficulties, but they are by no means the only ones. Caloric tests carried out in the absence of optic fixation may reveal an entirely different pattern of response to that manifested in its presence.
Thus Demanez & Ledoux (1970) and others have clearly demonstrated that a caloric induced nystagmus is much enhanced by eye closure in the case of a peripheral lesion, but appreciably less so or even inhibited in the case of brain stem lesions, while Carmichael et al. (1961) have shown that in temporal lobe lesions a directional preponderance of caloric responses typically directed towards the side of the lesion in the light may be abolished or reversed in direction in darkness.
As a matter of fact, spontaneous nystagmus resulting from lesions at these various levels of the central nervous system behaves in precisely the same manner in respect of the removal of fixation, and electronystagmographic studies applied in this way are of very considerable localizing value (Hood 1976) .
In respect of the caloric test, however, these factors add a further complication to the interpretation of the responses recorded electronystagmographically. Thus, unless information is available upon the caloric responses in the light, the investigator has no means of knowing what modifications might have been brought about by removing optic fixation. It is quite likely that such procedures will reveal derangements of one kind or another, but these will not necessarily bear any direct relationship to the results of conventional caloric tests, and it is questionable whether or not we have enough information or experience to interpret them meaningfully.
Some few clinicians knowledgeable in these matters surmount this difficulty by putting the patient in darkness during a 10-second period when, in the course of a conventional caloric test, the nystagmic reaction attains its maximum; they then note the particular change in the response. Others adopt the practice of waiting until the response in the light has ceased before observing the effects of darkness. In either case the observations involving electronystagmography are used to supplement the information provided by the conventional caloric responses and are not considered as alternatives. The vital information which we lack at the present time is a systematic comparative study of the results of both the new techniques involving electronystagmography and the conventional caloric tests.
Until this information is forthcoming we should be cautious about abandoning techniques which have served us well in the past, pending the provision of firm assurance that modern technology offers us a more effective alternative. There are four phases in the development of X-ray services in any country, and of these the first two must run concurrently: (1) the purchase and installation of equipment; (2) the establishment of a maintenance service for the equipment; (3) the training of radiographers to use the equipment; (4) the training of radiologists to direct the work of the radiographers, to interpret the results and to carry out the more complicated examinations requiring medical expertise.
In the majority of hospitals and clinics in developing countries, the greatest demand for diagnostic assistance is in the realms of trauma and chest work, especially pulmonary tuberculosis. Equipment should, therefore, be simple, sturdy, economical to buy, easy to use and not greatly demanding for maintenance. If maintenance is to be carried out efficiently, then ideally some form of standardization of equipment needs to be established so that a store of standard spare parts can be kept readily available. The best person to give guidance in such matters is an experienced radiologist familiar with the clinical needs of the country and also knowledgeable about both the existence and efficiency of any local maintenance services and the performance of different equipment under similar climatic and work conditions. Only too often, however, advice is sought from radiologists and countries with no experience of tropical conditions or of work in remote places; consequently equipment is installed with no service engineer within several thousand miles; often this results in expensive equipment lying idle for months or even years for want of replacement of some simple part. Equipment installed in such countries and places should be as simple as poss-1 Based on a paper presented by Professor Howard Middlemiss to the Section of Radiology, 17 December 1976
